The aims of this study were (1) to map sensory attributes of vanilla ice cream with reduced fat and sugar, and (2) to determine drivers of liking by applying external preference mapping and reveal the relationship between descriptive attributes and hedonic judgments using the partial least squares method. Descriptive sensory profiles (n = 11) and consumer test (n = 117) of 6 samples of vanilla ice cream (3 traditional and 3 with reduced fat and sugar) were determined. The attributes brightness and sweet aftertaste for sample and creaminess (appearance and texture) and sweet aroma contributed positively to the acceptance of ice cream samples. The attributes aeration, powdered milk aroma and flavor, and white chocolate aroma and flavor contributed positively to the acceptance of the ice creams. The attributes hydrogenated fat aroma and flavor were responsible for the lower acceptance of samples. The reduction in fat and sugar did not necessarily cause a decrease in acceptance. The most important factors were selection of the appropriate sweetener system and the use of good quality raw material.
IntrODuCtIOn
The combination of lifestyle-related diseases such as diabetes mellitus, hypertension, hyperlipidemia, and atherosclerosis is called metabolic syndrome (Higurashi et al., 2007) . The prevalence of metabolic syndrome is increasing in tandem with rising levels of obesity and sedentary lifestyles (Weiss et al., 2004) . Obesity affects more than 50% of adults and around one-third of children in different countries (Saris, 2003) . The etiology of obesity is complex but essentially involves an excess of energy intake over energy expenditure (Ruxton et al., 2010) .
In principle, sugar and fat can increase the risk of obesity by increasing the energy density of the diet or by making energy-dense foods more palatable (Ruxton et al., 2010) . In many studies, the overconsumption of high-fat foods has been linked to the increasing incidence of obesity (Astrup et al., 1997; Schrauwen and Westerterp, 2000; Kuo et al., 2008; La Serre et al., 2010) . However, the increase in sugar intake is more associated with other diseases and cancer, than with obesity (Ruxton et al., 2010) .
It has become clear that adjustments in dietary habits are very important to combating the metabolic syndrome, and the growing interest in healthy eating has given rise to new foods and products on the market (Bayarri et al., 2011) . Nonetheless, modifications in the composition of these products and the amounts of fat and sugar result in variations in the flavor and texture, which are key factors for the success of a product on the market (Hatchwell, 1994; Guinard et al., 1996; Caillet et al., 2003; Ozdemir et al., 2008) .
High-intensity sweeteners and fat replacers are successful if they match perfectly the quality of sucrose and milk fat (Portmann and Kilcast, 1996) . However, the replacement of sucrose by alternative sweeteners can result in changes in the perception of sweet and bitter taste (Bolini et al., 1999) . Additionally, the substitution of fat decreases the sensation of creaminess (Karaca et al., 2009) . The commercial success of a food on the consumer market necessarily implies that it has sensory characteristics well accepted by the consumer market, safety characteristics for consumption, and nutritional qualities (Cruz et al., 2010) .
Ice cream is a highly complex food matrix and can be considered as an aerated suspension of fat and water in a concentrated sugar solution that includes stabilizers, casein micelles, and proteins (Frøst et al., 2005; Erkaya et al., 2012) . In addition to being one of the most consumed dairy products in the world (Sun-Waterhouse et al., 2011) , ice cream is the most popular semi-solid dairy dessert, with the additional advantage of being an appropriate matrix for supplementation with probiotic bacteria and prebiotic ingredients (Cruz et al., 2009; Soukoulis et al., 2009; Di Criscio et al., 2010; Isik et al., 2011; Ferraz et al., 2012) . However, little information 4843 exists about the influence of high-intensity sweeteners and fat replacers on the perception of sensory attributes by trained assessors and consumers. The aims of this study were (1) to map sensory attributes of commercial vanilla ice cream with reduced fat and sugar, and (2) to determine drivers of liking, applying external preference mapping, and reveal the relationship between descriptive attributes and hedonic judgments using partial least squares (PLS) regression analysis.
materIaLS anD metHODS

Ice Cream Samples
Three brands of commercial Brazilian vanilla ice cream were used in this study (Table 1 ). The 3 brands had different positions on the consumer market. The first brand was the leader on the Brazilian market (Trad-1; Light-1), the second brand was recognized as being of high quality (Trad-2; Light-2), and the third was a new brand on the market (Trad-3; Light-3). According to the Brazilian legislation, to be considered "light," food needs to present a minimum reduction of 25% of the total energy or total sugars or total lipids (Brasil, 1998) .
The samples were purchased at a supermarket and stored in a horizontal freezer at −18°C ± 2°C, similar to conditions reported in previous studies (Thompson et al., 2009 ). These brands, and the vanilla flavor, were chosen because they were the only ones offering both traditional and reduced sugar and fat versions. In addition, vanilla is one of the most popular ice cream flavors in Brazil and other countries, including the United States, Canada, Germany, France, Italy, United Kingdom, and Japan (Euromonitor International, 2002) .
Sensory Profiling
The sensory profiling was established using quantitative descriptive analysis (QDA; Stone and Sidel, 2004) , a popular sensory descriptive method used in several studies covering dairy foods (Allgeyer et al., 2010; Ritvanen et al., 2010; Wadhwani and McMahon, 2012) . Eleven assessors (4 men and 7 women) participated in this study, all recruited at the University of Campinas (São Paulo, Brazil) and preselected based on interest, availability, nonsmoker status, and lack of food allergies. Their mean age was 25 yr. Kelly's repertory grid method (Moskowitz, 1983) was used to determine the attributes of ice cream samples, and 22 descriptor terms were developed. Table 2 shows the sensory attributes used in the sensory evaluation as well as their definitions and the standards used for assessor training. Eight 2-h training sessions were conducted to form the same sensory memory in the assessors by use of anchors (minimum and maximum) for the intensity scale of each descriptor term.
The analysis was carried out over a 4-d period and each sample was evaluated in 15 min in one session per replication. Each sample was evaluated 4 times. Using a balanced complete block design (MacFie et al., 1989) , all samples were offered in plastic cups, coded with 3-digit numbers, with a transparent plastic spoon. Fifty-gram samples of vanilla ice cream at a temperature of −10°C ± 2°C were offered, as in a previous study (Guinard et al., 1997) . The assessors were instructed to rinse their mouths with distilled water between samples to avoid the "cold" carry-over effect (Guinard et al. 1997) . A 9-cm linear scale (not structured) was used for each descriptor term, anchored at the ends by "none" or "low" on the left and "strong" on the right (Stone and Sidel, 2004; Meilgaard et al., 2007) .
Consumer Test
One hundred seventeen consumers were recruited to participate in the ice cream acceptance test at the University of Campinas. The selection criterion was that subjects had to consume ice cream at least once a week and be adults over 18 yr of age (Dooley et al., 2010) .
The consumers received the samples in a monadic presentation. Twenty grams of vanilla ice cream at a temperature of −10°C ± 2°C was offered in plastic cups, coded with 3-digit numbers, together with a transparent plastic spoon (Guinard et al., 1997) . Acceptance was determined in relation to overall liking using a 9-cm linear scale (not structured), with anchors of ''dislike extremely" on the left and ''like extremely" on the right. All samples were presented in a balanced order using a balanced complete block design (MacFie et al., 1989) . The subjects were instructed to rinse their mouths with distilled water between samples to avoid the "cold" carry-over effect (Guinard et al., 1997) . To prevent bias, no information about the samples was given to the consumers (Thompson et al., 2009 ). 
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Statistical Analysis
Analysis of variance was carried out for each attribute to monitor panel performance (ability to discriminate, reproducibility, and consistency among assessors). Ten panelists out of 11 were chosen to participate according to their discriminating capability (P < 0.30) and repeatability (P > 0.05), and an individual consensus was also considered (Damásio and Costell, 1991) in addition to the sensory descriptive data and consumer test data. Tukey's honestly significant difference multiple comparison tests were applied to compare the attribute level differences among samples, considering a 5% significance level (P < 0.05). Results of the tests were analyzed using SAS software (2008; SAS Institute Inc., Cary, NC).
Correlation between the QDA and consumer test data was determined by PLS regression analysis (Tenenhaus et al., 2005) using the software XLStat 2007 (Addinsoft, Paris, France). The overall impression was the dependent variable (Y-matrix), and the QDA attributes were the independent variables (X-matrix; Braghieri et al., 2009) . Some recent studies have used PLS to report hedonic judgments and product characteristics (Pereira et al., 2005; Frandsen et al., 2007; Braghieri et al., 2009; Cruz et al., 2011; Bayarri et al., 2012) and to determine relevant sensory characteristics of milk commercial products (Ochi et al., 2010) .
External preference mapping (PREFMAP; Kaaki et al., 2012) was conducted by first using principal components analysis (PCA) on the descriptive sensory analysis data and then relating each of the consumers to this PCA space by regression analysis. Consumers are usually represented as points or arrows on the sample map as in the internal analysis (Helgesen et al., 1997 ). The vector model, which implies a direct relationship between one or more characteristics that are increasing or decreasing across the stimulus space, was used. Thus, the more a characteristic was present, the more it was liked; alternatively, if it was a negative characteristic, the less the characteristic was present the less it was liked (Hough and Sanchez, 1998) . The PREFMAP was carried out using XLStat 2007.
reSuLtS anD DISCuSSIOn
Sensory Profiling
The results of the sensory profile of vanilla ice cream samples are reported in Table 3 . In appearance, sample Light-2 differed significantly from the others (P < 0.05) in yellow color and brightness, with more intense values for these attributes, whereas the traditional ice cream samples (Trad-1, Trad-2, Trad-3) had a creamier appearance and aeration (air holes). These 2 attributes can be directly affected by the fat content (Soukoulis et al., 2010b) and by fat replacers (bulking agents, concentrated milk components, and others) used (Roland et al., 1999) . Light ice cream samples have a lower fat content, and the fat replacers used in the manufacture of this ice cream are not as efficient as fat in retaining air and forming air cells (Marshall and Arbuckle, 1996; Sofjan and Hartel, 2004) . Sample Light-2 had values for creamy appearance and aeration closest to those of the traditional samples.
Concerning the attributes of aroma, both samples of brand 2 showed more intensity (P < 0.05) for powdered milk and white chocolate aromas. Moreover, along with sample Trad-1, both samples of brand 2 had a sweeter aroma. Both samples of brand 3, which is new on the market, showed greater intensity (P < 0.05) of hydrogenated fat aroma.
In relation to flavor, both samples of brand 2 showed more intensity (P < 0.05) of powdered milk and white chocolate flavors, and ice creams of brand 3 had greater intensity of hydrogenated fat flavor. Two samples with a lower fat content (Light-1 and Light-2) showed less intensity of the attributes directly related to fat (milk and hydrogenated fat). Hyvönen et al. (2003) found similar results for a decreased fat content in strawberryflavored ice cream samples.
Both Trad and Light samples of brands 1 and 3 showed a significant difference (P < 0.05) in relation to sweetness. The traditional samples of these brands were sweeter and the difference in sweetness was probably not due to replacement of the milk fat by fat replacers, but rather to the nonequivalent use of sweetener in the light counterparts (Ohmes et al., 1998) . Li et al. (1997) , Chung et al. (2004) , and Thompson et al. (2009) determined that a higher fat level in ice creams enhances the overall perception of vanilla intensity, which explains the lesser intensity of vanilla flavor in samples Light-1 and Light-2, which had a lower fat content.
Samples Light-1 and Light-3 differed from the others (P < 0.05) for bitter aftertaste, showing higher means, probably due to the use of aspartame and sodium cyclamate as the sweetener system (Calviño et al., 2000; King et al., 2000; Cardoso and Bolini, 2008) . Sample Light-2, which had sucralose as the sweetener system, showed greater intensity (P < 0.05) for sweet aftertaste than the other samples, in agreement with previous studies using ice creams sweetened with sucralose (Hanger et al., 1996; Melo et al., 2009) .
Finally, for texture, sample Trad-2 was rated as having more creaminess (P < 0.05), probably because of its high lipid content (Stampanoni-Koeferli et al., 1996; Guinard et al., 1997) . In general, the traditional samples showed more creaminess, which demonstrates the difficulty of finding an acceptable formulation with respect to the ingredients used by the dairy processors. Similar results were obtained for full-fat and low-fat ice creams stored at storage temperatures from −45°C from −23°C (Buyck et al., 2011) , where there was no effect of storage temperature on the acceptance of the samples.
The samples with fat and sugar replacers were shown to be firmer (P < 0.05) than the traditional ice cream samples. Roland et al. (1999) found the same results; that is, the removal or replacement of fat hardened the ice cream samples. Tharp et al. (1998) found that the firmness of ice cream increased as the level of PS80 (an oil-in-water emulsifier) or level of destabilized fat increased. BahramParvar et al. (2010) noted that stabilizers bind water, increasing the viscosity and enhancing the firmness of ice creams. Nevertheless, numerous factors (e.g., ice crystal content, ice crystal size, extent of fat destabilization, overrun, and the rheological properties of the mix) influence the firmness of ice cream (Muse and Hartel, 2004) .
Relationship of Descriptive Attributes and Acceptance Test
Samples Trad-1, Trad-2, and Light-2 were the most accepted vanilla ice creams, with mean overall acceptance values ranging from 6.0 to 6.38, whereas Light-1, Trad-3, and Light-3 were the least accepted samples, with mean values ranging from 5.22 to 5.55.
The relationship found using PLS (Figure 1 ) explains the positive and negative attributes that were important to the consumer. The columns of attributes on the positive part of the y-axis (columns in black) are of positive importance in the characterization of the ice cream, whereas the columns on the negative part of the y-axis (columns in gray) represent attributes whose presence is negative with respect to acceptance of ice cream (Tenenhaus et al., 2005) . When the standard deviation for an attribute does not cross the x-axis, it can be considered a major positive or negative at- Means with the same letters in a row indicate that samples do not differ at a significance level of 5% by Tukey's test. 1 Trad = traditional ice cream; Light = vanilla ice cream with reduced fat and sugar, where 1, 2 , and 3 represent the Brazilian brand leader, a high-quality brand, and a brand new to the market, respectively. 4847 tribute in the characterization of the ice cream at a 95% confidence level. The extent of the columns represents the importance of each attribute to the consumer, whether positive or negative. The attribute with the highest column, in either direction, is considered the most important attribute for a sample to have or not have (Tenenhaus et al., 2005) .
The attributes of appearance (brightness, creamy appearance, and aeration) and aroma and flavor (sweetness, powdered milk, and white chocolate) contributed positively to the acceptance of the ice cream more than vanilla flavor, sweet aftertaste, and the attributes of texture (creaminess and spreadability). According to Soukoulis et al. (2010a) , creaminess, mouth-coating, tongue, lubrication, friction, coarseness, and thickness are sensory attributes of paramount importance to the perception of quality of semi-solid dairy desserts. Only the aroma and hydrogenated fat flavor contributed to the rejection of the ice cream samples at a 95% confidence level.
External Preference Mapping
According to Guinard et al. (2001) , the challenge of external preference mapping is the interpretation of the results, because preferences are expressed as a function of 2 or more principal components, not simple analytical variables. However, with this technique, it is possible to regress the hedonic ratings of each consumer onto a set of descriptive attributes.
The results of the external preference mapping are shown in Figure 2 . For the PREFMAP analysis, 85% of the sensory information explained 33% of the preference data (Lawlor and Delahunty, 2000) .The data were found to explain 2 main components. The first, the horizontal component, was responsible for separating the attributes into 2 groups. The group of attributes responsible for good quality, such as creaminess (appearance and texture) and white chocolate flavor and aroma, is on the left and group of attributes with some off-flavors, such as bitter aftertaste and hydrogenated fat aroma and flavor, is on the right. The second component (vertical) was responsible for characterizing the samples with the attributes yellow color and bitter aftertaste and for grouping the consumers with their preferred samples, Light-1 and Light-2.
By examining the position of the consumers, it is possible to determine the least and most accepted samples (Guinard et al., 2001) . The samples most accepted (Trad-1, Trad-2, and Light-2) were allocated to quadrants I (X−, Y+) and III (X−, Y−); consequently, these spaces had a higher density of consumers. Sample Light-2 was characterized by its yellow color and sweet aftertaste, whereas samples Trad-1 and Trad-2 were characterized by their milkfat aroma and flavor, sweet aroma, vanilla aroma, and creaminess (appearance and Figure 1 . Partial least squares regression coefficients (black = descriptor terms that contribute positively to consumer acceptance; gray = descriptor terms that contribute negatively to consumer acceptance; white = descriptor terms without significant contribution to consumer acceptance). texture). The least accepted samples (Light-1, Trad-3, and Light-3) were allocated to quadrants I (X+, Y+) and IV (X+, Y−). Sample Light-1 was characterized by bitter aftertaste and firmness, and samples Trad-3 and Light-3 were characterized by hydrogenated aroma and flavor and spreadability.
COnCLuSIOnS
The trained panel identified 22 attributes of vanilla ice cream with reduced fat and sugar, and all attributes showed a significant difference (P < 0.05) among the samples. Samples with reduced fat and sugar showed a higher intensity of bitter aftertaste, adhesiveness, and firmness, and lower intensity of creaminess. However, the reduction or replacement of fat and sugar did not necessarily cause a decrease in acceptance. The PREF-MAP, together with the relationship of descriptive attributes and acceptance test, allowed analysis of those attributes that contributed to the acceptance of the ice cream samples. According to our results, the presence and preservation of brightness, creamy appearance, aeration, sweet aroma, powdered milk aroma, white chocolate aroma, sweetness, vanilla flavor, powdered milk flavor, sweet aftertaste, and spreadability, and the lack or suppression of hydrogenated fat aroma and flavor are important for high acceptance of vanilla ice cream. 
